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Abstract
Background: Human papillomavirus (HPV) causes cervical cancer and external genital warts. The
purpose of this study is to document the genotype distribution of HPV in females aged between 18
and 34 who self-referred to an STI clinic with visible external genital warts (EGW). Scrapings were
taken from visible external genital warts (EGW). These scrapings were analysed by PCR for the
presence of HPV DNA. Positive samples were then genotyped by means of a commercially available
assay (LiPA). A comparison of genotyping results determined by the LiPA assay and direct amplicon
DNA sequencing was also performed.
Results: Ninety-two patients out of 105 samples (88%) had detectable levels of HPV DNA. The
majority of individuals with EGW (66%) showed the presence of two or more genotypes. The most
common HPV genotypes present in the study population were HPV-6, HPV-11, HPV-16, HPV-18,
HPV-33 and HPV-53. Potential effects of vaccination on HPV molecular epidemiology indicate that
40% of the patients could have been protected from the high risk genotypes HPV-16 and HPV-18.
Conclusion: This is the first report of the molecular epidemiology of external genital warts in
women aged between 18 and 34 from Ireland based on results from a LiPA assay. The study shows
that most individuals are infected with multiple genotypes including those with high oncogenic
potential and that the newly available HPV vaccines could have a significant impact on prevalence
of the most common HPV genotypes in this study population.
Background
Human papillomavirus (HPV) is a group of non-envel-
oped DNA viruses, which cause benign and malignant
epithelial lesions [1]. Over a hundred different HPV gen-
otypes have been characterized and of these more than
50% cause external genital warts (EGW) [2]. Ninety per-
cent of EGW are reported to be of oncogenic potential,
constituting genotypes 6 and 11 [3]. The majority of HPV
infections are self-limiting. However, a potential long
term effect of HPV infection is its association with precan-
cerous histological lesions such as cervical intra-epithelial
neoplasia 3 (CIN3) or carcinoma in situ (CIS). HPV is a
necessary causative agent of cervical cancer, with HPV
DNA detectable in 99.7% of cervical cancer specimens [4].
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such as types HPV-16, HPV-18 and HPV-31. HPV-16
alone is responsible for 58.9% of all cervical cancers [5].
Cervical cancer is the second commonest cause of cancer
deaths in women worldwide. In the U.S alone the cost of
preventing and treating cervical cancer exceeds $5 billion
per year [6]. Cervical screening has greatly reduced the
incidence of cervical cancer in the developed world [7].
An exciting advancement in cervical cancer prevention is
the recent development of two HPV vaccines. A quadriva-
lent vaccine (Gardasil, Merck) against the four most med-
ically significant HPV genotypes (6/11 and 16/18), which
cause 90% of external genital warts and 70% of cervical
cancers respectively was approved by the Food and Drug
Administration (FDA) in June 2006 [8]. A bivalent vaccine
(Cervarix, GlaxoSmithKline Biologicals) against HPV-16
and HPV-18 is licensed for use in Europe and it has shown
potential cross protection against the high risk genotypes
HPV-45 and HPV-31 [9,10]. As these vaccines become
more widely used information on the molecular epidemi-
ology of HPV in Ireland will be important to determine
efficacy and the potential for cross genotype protection. It
is likely that genotype displacement will occur as herd
immunity increases.
The molecular epidemiology of external genital warts
[EGWs] in Irish females has not been studied but likely
reflects that of other European countries. The prevalence
and nature of the mixed genotype infections in this popu-
lation is also unknown. PCR combined with reverse line
probe hybridisation (RLPH) is a fast and sensitive method
of genotyping viral infections. The routine use of these
assays allows a more thorough analysis of HPV molecular
epidemiology and assessment of likely cervical cancer risk.
The study group presented here was collated through a
voluntary screening program for females, aged between
18 and 34, who self presented to an STI clinic in Southern
Ireland. Scrapings from EGW were taken and tested by
PCR for HPV DNA; positive samples were genotyped
using a commercially available RLPH assay. The DNA
sequence of the preliminary amplicon was also deter-
mined for the first 52 patients. The results of this screening
programme provide information on the frequency of sex-
ually transmitted HPV strains circulating in a sample of
the Irish population.
Results
Detection of HPV by Real-Time PCR
To determine the presence of HPV, DNA from 114 consec-
utive samples was applied to a SYBR Green I assay utilis-
ing MY09-MY-11 degenerate primers. To ascertain the
sensitivity of the assay a serial dilution of genomic DNA
known to have integrated HPV-16 viral DNA was per-
formed (CaSki HTC98018). The assay was capable of
detecting 30 copies of HPV DNA per amplification. 92
samples were found to be positive by HPV PCR using this
method. Nine of the 114 samples were blinded negative
controls. Therefore, taking the blinded controls into
account, 92 out of 105 samples were HPV positive.
In total, 21 different genotypes were recorded; 6, 11, 16,
18, 31, 33, 35, 39, 40, 45, 51, 52, 53, 55, 56, 58, 59, 66,
68, 70 and 74. These genotypes account for approximately
90% of the 17 genotypes identified as high risk or proba-
ble high risk for cervical cancer according [5]. The only
two high or probable high risk genotypes not identified in
this study population were genotypes 82 and 26 [5].
Thirty-one (34%) of the HPV positive patients were found
to have a single HPV genotype, 97% of which were either
genotype 6 or 11 (Table 1). The multiplicity of genotype
infection is outlined in Figure 1. The most prevalent gen-
otypes were HPV-16 (n = 15), HPV-18 (n = 20), HPV-31
(n = 8) and HPV-33 (n = 9) (Table 1). The maximum
number of HPV genotypes detected in a single patient was
8, n = 2. Genotype 6 and genotype 11 were present in 62%
and 35% of the 92 positive samples respectively (Table 1).
Genotypes 6, 11 and 18 were present in the majority of
dual infections. Triple infections comprised of genotype
6, 11, 16, 18 and 66 (Table 1). Other common genotypes
were 39 (n = 5), 51 (n = 18), 52 (n = 8) and 53 (n = 18).
The LiPA assay also confirmed that 4 patients were co-
infected with both HPV-16 and HPV-18 genotypes.
Genotyping of HPV based on Sequence analysis
52 of the 92 HPV positive samples were genotyped by
direct DNA sequencing of the positive PCR product. 72%
of samples were identified as having either genotypes 6 or
11; 29 samples were positive for HPV-6, 13 samples were
positive for HPV-11. Only 2 samples were positive by
DNA sequence analysis for HPV-16. An additional 2 sam-
ples were positive for genotype 18. Other genotypes
detected were 33, 39, and 53 at a frequency of 3/52, 1/52
and 2/52, respectively.
Discussion
The primary aim of this study was to ascertain for the first
time the molecular epidemiology of sexually transmitted
HPV in EGW. This genotype information should assist in
estimating the potential benefits of the newly available
HPV vaccines and highlight the importance of multiple
infections.
DNA was successfully extracted from a limited scraping of
externally visible EGW using an automated DNA extrac-
tion system. The potential falsenegative rate for this study
was 12% (13/105). A possible explanation is that insuffi-
cient DNA was present to generate an amplicon or the
MY09-11 primer set, used in the initial screening for HPV
positivity, may be sub-optimal for specific genotypes.Page 2 of 6
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that a total of 15 out of a possible 17 high or probably
high risk genotypes were detected with this methodologi-
cal approach. Of the panel of high or probably high risk
genotypes proposed by Meyer et al only two relatively
uncommon genotypes, i.e., 82 and 26, were not identified
in the study population [5]. Another commonly used set
of PCR primers used to amplify HPV is the PGMY09-11
primer set. Given the epidemiological coverage provided
by the MY09-MY11 generic primers it is unlikely that
additional significant genotype coverage would be pro-
vided by use of the PGMY09-11 primer combination [11].
The combination of the real-time and automated DNA
extraction allowed for a fast sample throughput (t = 5
hours). In 100% of cases (n = 52) DNA sequencing
revealed an equivalent genotype when compared to the
LiPA assay. Nevertheless DNA sequencing using consen-
sus primers doesn't readily enable the detection of multi-
ple infections [12]. DNA sequencing with consensus
primers likely reflects relative viral load with regard to the
dominance of a genotype in the mixed genotype popula-
tion. This feature likely affects all PCR based DNA
sequencing methodologies and is not specific to the
MY09-MY-11 primers used in this study. Recently, Matsu-
kura et al., 2008 questioned the validity of using PCR and
sequencing to determine HPV genotypes especially those
associated with cervical cancer [13]. Our results would
support Matsukura's inferences.
The combination of real-time PCR and LiPA assay identi-
fied low risk genotypes 6 and 11 or both in 88% of EGWs
tested. This trend is evident in HPV infections worldwide
as 90% of all genital warts are related to types 6 and 11
[14]. In spite of this, a clinically important detail revealed
by this study was that 66% of all EGW contained multiple
genotypes. Only 30/92 (30%) of the patients were
infected with a low risk genotype(s). The remainder of the
patients studied were infected with at least one high or
probable risk HPV (Table 1).
HPV-16, HPV-18 and HPV-31 which account for 75% of
cervical cancers [1] were prevalent in our study popula-
tion at a combined frequency of 39% (n = 36). Although
the tissue genotyped was external to the cervix, the pres-
ence of high risk genotypes in EGWs is a matter of concern
and merits a thorough examination of the patient for cer-
vical lesions and HPV genotyping of the cervix [15]. The
current dogma regarding the inherent risk of HPV infec-
tion and EGW is that in 90% of patients, the HPV geno-
type present is associated with a low risk of progression to
cervical cancer. The findings presented in this study indi-
cate that all HPV should be genotyped by LiPA or another
form of reverse line probe hybridisation, as there is a sig-
nificant risk that oncogenic genotypes may be present in a
co-infection scenario. The presence of oncogenic HPV in
EGW raises the possibility that this infection site is a
source of HPV that may infect the cervix. The correlation
between the presence of multiple genotype infections in
EGW and the genotype epidemiology in the epidermal tis-
sue of the cervix is incompletely defined at present.
The optimum time for vaccination with the new HPV vac-
cine (subject to the duration of immune protection) is rec-
ognised to be at the onset of puberty [16]. Both the
bivalent and quadrivalent vaccine could have prevented
34 patients (37%) from contracting HPV-16 and/or HPV-
18. If the potential cross protection associated with the
bivalent vaccine is taken into account, a further 14
patients would not have contracted either HPV 45 (n = 7)
and/or HPV 31 (n = 8) (Table 1) [10]. One patient was co-
infected with both genotypes 45 and 31, specimen ID 31.
Conclusion
This study identifies for the first time the molecular epide-
miology of HPV in the EGWs of young Irish women. The
results of the study found that the majority of EGWs con-
tained the low risk genotypes 6 and 11. Despite this, a
large number 70% of the patients were co-infected with
one or more high risk genotypes. The new HPV vaccines
would have prevented a significant number of these
patients from contracting HPV or provided protection
against the most oncogenic HPV genotypes 16, 18 and 31.
It is to be presumed that with sufficient usage of these vac-
cines that genotype replacement will become a feature of
the epidemiology of HPV infection.
Methods
Ethical approval
The study outlined here was approved by the Clinical
Research Ethics Committees of the Cork teaching Hospi-
Observed multiplicity of HPV genotype infection in external genital wartsFigure 1
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within the study was voluntary and patients gave
informed consent before entry into the study.
Study population
Between October 2006 and October 2008 samples were
taken from 114 females who self referred to an STI clinic
in Cork, Ireland. The age of the patients ranged from 19–
34 years of age with an average age of 24.
Samples
Scrapings were taken from visible external genital warts of
the patients using small brushes. The brushes were stored
at room temperature in 500 μl of Lysis Binding buffer
(LBB) from the ROCHE™ MagNa Pure LC Total Nucleic
Acid isolation Kit. Samples were received from the clini-
cian in a blinded manner. 9 random negative samples
were included and the knowledge of these and individual
patient status was kept hidden from the diagnostic labora-
Table 1: Profile of HPV genotypes in infected patients.
Specimen ID Genotype profile Specimen ID Genotype profile
1* 6 47* 6, 18
2 6, 66, 40 48 6, 16, 53
3 6,11,51,53 49* 6
4* 6 50* 6
5* 11 51 11, 35
6 11, 55 52 11, 45
7 39 53* 6
8 6, 18, 31, 33, 51, 66, 68, 70 54* 6
9 6, 51, 66 55 6, 39, 66
10 11, 16, 66 56* 6
11 6, 11, 52, 53, 68 57* 6
12 6, 18, 33, 39, 52 58 6, 51
13* 11 59 11, 51, 53
14 11, 53 60 11, 18, 52, 53, 59, 70
15 31, 33, 53, 56 61 11, 16, 52, 74
16 6, 31, 51, 66, 68 62 11, 16, 51, 66
17 6, 59 63 6, 18, 31
18 6, 53 64 11, 51, 53
19* 11 65 6, 33, 39, 51, 53
20 6, 11, 66 66* 6,16,18
21 6, 45, 52, 53 67 18, 70
22* 6 68* 6
23* 6 69* 6, 11
24* 11 70 6, 16
25* 6, 18 71* 6
26 18, 53 72* 6
27* 6 73* 16
28 33 74* 11
29 6, 51, 66 75 18, 51, 53
30* 11 76* 11
31 6, 11, 40, 31, 45, 53, 70 77 16, 45, 59
32* 6, 16, 18 78 40
33 16, 33, 35, 51, 52 79 6, 18, 31, 53
34* 6 80 6, 16, 53
35* 11, 16 81* 6
36* 6, 18 82 16, 18, 58
37* 6, 18 83* 11
38* 6, 11 84 6, 18, 53, 68, 70
39 6, 11, 31, 33, 35, 39 85 18, 45
40* 6 86 6, 51
41 6, 31, 33, 40, 52, 53, 58, 68 87* 6
42 6, 11, 51 88* 6
43 6, 18, 45 89 16, 18, 51, 45
44* 6. 11 90 11, 18, 51
45 11, 51 91 11, 51, 52
46 11, 59 92 6, 16, 33
* indicates patients who may have been protected from a HPV infection by the quadrivalent vaccine.Page 4 of 6
(page number not for citation purposes)
Virology Journal 2009, 6:112 http://www.virologyj.com/content/6/1/112tory for the duration of the investigation. Subsequent to
study completion sample identities were revealed.
Viral DNA extraction
300 μl of sample HPV-LBB was added to 200 μl of nucle-
ase free water and applied to the MagNa Pure LC Total
Nucleic acid isolation Kit using the Roche Magna Pure
Robotic extraction machine, yielding 50 μl of extracted
DNA. A negative control consisting of water was included
with every extraction.
HPV detection
HPV positive samples were detected by real time PCR
using My09-MY-11 generic primers [17] and SYBR Green
I chemistry. Briefly, 5 μl of extracted DNA was applied to
a 12.5 μl of SYBR green jumpstart Taq ReadyMix™ (Sigma
Aldrich), 0.5 μl each of Primer (10 μM) and 6.5 μl of
nuclease free water, yielding a final volume of 25 μl. The
reaction was performed on an ABI 7500 thermocycler
using the following conditions, 95°C 3 min followed by
40 cycles of 95°C for 15 s, 55°C for 1 min and 72°C for
1 min 30 s with a fluorescence read step every cycle at
72°C. Positive samples were verified using a dissociation
curve which gave melting peaks of the positive PCR prod-
ucts between 80 – 82°C. The negative control included in
the DNA extraction was included in the real time PCR.
Sensitivity of SYBR Green I PCR assay
To ascertain the sensitivity of the assay serial dilutions of
commercially available genomic DNA from the CaSki cell
line (HTC98018) containing 600 copies of HPV16/
genome were generated. A standard curve was created
where DNA from the CaSki cell line with a range of
300,000, serially diluted by a factor of 10, to a final con-
centration of 3 copies per PCR. The dilutions are then
applied in 5 μl volumes to the Real-time assay described
above to create a standard curve.
Genotyping of positive HPV samples
Positive samples were amplified using Biotin labelled
primers provided in the INNOGENTICS HPV genotyping
assay (Gent, Belgium). A no template control was per-
formed with every biotinylated PCR to ensure no cross
contamination was occurring during pre-amplification
stage or during the automated process. 15 μl of each
biotin labelled PCR product including the negative con-
trol was then applied to a disposable line probe strip pro-
vided and placed in an AuoLipA 30 and Reverse Line
Probe Hybridisation was performed at an annealing tem-
perature of 49°C using the HCVV3 programme. Interpre-
tation of the genotype of the positive samples was
performed using the key provided with the kit. The kit can
detect the following genotypes 6, 11, 16, 18, 31, 33, 40,
45, 51, 53, 54, 58, 59, 66, 68, 70 (n = 16). In cases where
the CE marked LiPA assay could not resolve the exact gen-
otype of HPV present, the sample was applied to a second
LiPA assay (version 2). The HPV LiPA version 2 assay can
detect the following genotypes 6, 11, 16, 18, 31/54, 33,
35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 56/74, 58, 59, 66,
68/73, 70 (n = 24). The HPV LiPA Extra assay became
available towards the end of the study. This assay covers
all currently known high-risk HPV genotypes and proba-
ble high-risk HPV genotypes (16, 18, 26, 31, 33, 35, 39,
45, 51, 52, 53, 56, 58, 59, 66, 68, 73, 82) as well as a
number of low-risk HPV genotypes (6, 11, 40, 43, 44, 54,
70) and some additional types (69, 71, 74).
All these assays carry a CE mark which means the assays
meet European union stringent quality controls in terms
of sensitivity and reproducibility. Where confounding
genotype heterozygosity was observed the potential geno-
types were excluded from the analysis for this individual.
Where the CE LiPA assay could not resolve the genotype
present the sample was applied to the LiPA V2 assay or the
LiPA extra assay.
DNA sequence analysis
The PCR amplicons of the first 60 positive samples were
purified using the High Pure PCR product purification kit
(Roche) and air dried PCR products were outsourced to
MWG (Ebersberg, Germany) for DNA sequencing.
Sequencing was performed using the MY-11 primer. Fifty-
two samples were successfully sequenced and these were
analysed by submitting the obtained DNA sequence to the
BLASTn programme available at Genbank. http://
www.ncbi.nlm.nih.gov/BLAST. All sequences were sub-
mitted to the Genbank database and accession numbers
were acquired for this study (EU056593–EU056644).
Abbreviations
HPV: Human papillomavirus; EGW: external genital wart;
PCR: Polymerase chain reaction; RLPH: Reverse Line
Probe Hybridisation.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
JFM performed DNA extractions, PCR testing, genotype
determination, DNA sequence analysis and manuscript
preparation. SC collected samples and patient details. LC
performed some PCR testing and genotype determina-
tion. MH was involved with project design and manu-
script preparation. LJF was involved in project design,
project management and manuscript preparation.
References
1. Zheng ZM, Baker CC: Papillomavirus genome structure,
expression, and post-transcriptional regulation.  Front Biosci
2006, 11:2286-2302.Page 5 of 6
(page number not for citation purposes)
Virology Journal 2009, 6:112 http://www.virologyj.com/content/6/1/112Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
2. Munoz N, Castellsague X, de Gonzalez AB, Gissmann L: Chapter 1:
HPV in the etiology of human cancer.  Vaccine 2006, 24(Suppl
3):S3/1-10.
3. Brown DR, Schroeder JM, Bryan JT, Stoler MH, Fife KH: Detection
of multiple human papillomavirus types in Condylomata
acuminata lesions from otherwise healthy and immunosup-
pressed patients.  J Clin Microbiol 1999, 37:3316-3322.
4. Walboomers JM, Jacobs MV, Manos MM, Bosch FX, Kummer JA, Shah
KV, Snijders PJ, Peto J, Meijer CJ, Munoz N: Human papillomavirus
is a necessary cause of invasive cervical cancer worldwide.  J
Pathol 1999, 189:12-19.
5. Meyer T, Stockfleth E: Classification of human papillomavirus.
N Engl J Med 2003, 348:2040-2041. author reply 2040–2041.
6. Insinga RP, Dasbach EJ, Elbasha EH: Assessing the annual eco-
nomic burden of preventing and treating anogenital human
papillomavirus-related disease in the US: analytic frame-
work and review of the literature.  Pharmacoeconomics 2005,
23:1107-1122.
7. Herzog TJ: New approaches for the management of cervical
cancer.  Gynecol Oncol 2003, 90:S22-27.
8. Roden R, Wu TC: How will HPV vaccines affect cervical can-
cer?  Nat Rev Cancer 2006, 6:753-763.
9. Bryan JT: Developing an HPV vaccine to prevent cervical can-
cer and genital warts.  Vaccine 2007, 25:3001-3006.
10. Harper DM, Franco EL, Wheeler CM, Moscicki AB, Romanowski B,
Roteli-Martins CM, Jenkins D, Schuind A, Costa Clemens SA, Dubin
G: Sustained efficacy up to 4.5 years of a bivalent L1 virus-like
particle vaccine against human papillomavirus types 16 and
18: follow-up from a randomised control trial.  Lancet 2006,
367:1247-1255.
11. Gravitt PE, Peyton CL, Alessi TQ, Wheeler CM, Coutlee F, Hild-
esheim A, Schiffman MH, Scott DR, Apple RJ: Improved amplifica-
tion of genital human papillomaviruses.  J Clin Microbiol 2000,
38:357-361.
12. Fontaine V, Mascaux C, Weyn C, Bernis A, Celio N, Lefevre P,
Kaufman L, Garbar C: Evaluation of combined general primer-
mediated PCR sequencing and type-specific PCR strategies
for determination of human papillomavirus genotypes in
cervical cell specimens.  J Clin Microbiol 2007, 45:928-934.
13. Matsukura T, Sugase M: Pitfalls in the epidemiologic classifica-
tion of human papillomavirus types associated with cervical
cancer using polymerase chain reaction: driver and passen-
ger.  Int J Gynecol Cancer 2008, 18:1042-1050.
14. Lowy DR, Schiller JT: Prophylactic human papillomavirus vac-
cines.  J Clin Invest 2006, 116:1167-1173.
15. Dupin N: Genital warts.  Clin Dermatol 2004, 22:481-486.
16. Joura EA, Leodolter S, Hernandez-Avila M, Wheeler CM, Perez G,
Koutsky LA, Garland SM, Harper DM, Tang GW, Ferris DG, et al.:
Efficacy of a quadrivalent prophylactic human papillomavi-
rus (types 6, 11, 16, and 18) L1 virus-like-particle vaccine
against high-grade vulval and vaginal lesions: a combined
analysis of three randomised clinical trials.  Lancet 2007,
369:1693-1702.
17. Munoz N, Bosch FX, de Sanjose S, Herrero R, Castellsague X, Shah
KV, Snijders PJ, Meijer CJ: Epidemiologic classification of human
papillomavirus types associated with cervical cancer.  N Engl
J Med 2003, 348:518-527.Page 6 of 6
(page number not for citation purposes)
